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(57) ABSTRACT

An immersion microscope objective includes a first lens
group having a positive refractive power, a second lens group
having a positive refractive power, and a third lens group
having a negative refractive power. The first lens group
includes a cemented lens of a positive lens and a meniscus
lens, and at least one positive single lens, the second lens
group changes a divergent light beam to a convergent light
beam, and the third lens group includes an object-side lens
group and an image-side lens group disposed concave sur-
faces are face-to-face sandwiching one air space. There is a
plurality of lenses having a positive refractive power, and at
least one lens having a positive refractive power out of the
plurality of lenses having a positive refractive power has a
cemented surface which is cemented to a lens having a nega-
tive refractive power.
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1
IMMERSION MICROSCOPE OBJECTIVE
AND MICROSCOPE USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is based upon and claims the ben-
efit of priority from the prior Japanese Patent Application
Nos. 2013-091282 filed on Apr. 24, 2013 and 2014-079948
filed on Apr. 9, 2014; the entire contents of which are incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an immersion microscope
objective, and a microscope using the same.

2. Description of the Related Art

As a means of fluorescence observation, a method of fluo-
rescence observation by multi-photon excitation has been
known. In the multi-photon excitation, light of a wavelength
in almost integral multiples of an absorption wavelength of a
fluorescent substance is irradiated to a fluorescent material
(sample) as excitation light. Here, a wavelength of the exci-
tation light in the multi-photon excitation being almost an
integral multiple of the absorption wavelength, energy of one
photon of the excitation light is almost an integral submultiple
for the multi-photon excitation as compared to a single-pho-
ton excitation. Therefore, in the multi-photon excitation, it is
necessary to make a plurality of photons collide with one
fluorescent substance simultaneously.

When the excitation light is converged by a microscope
objective, a density of light becomes the highest at a focal
position. Therefore, a probability of the plurality of photons
colliding with the fluorescent substance becomes the highest
at the focal position. In the multi-photon excitation, the fluo-
rescent light is generated only at the focal position (or in the
extreme proximity of the focal position). For making the
density of light at the focal position high, it is necessary to
make a diameter of a light spot formed at the focal position as
small as possible. In view of such circumstances, the micro-
scope objective is sought to have a large numerical aperture
and a superior imaging performance. If the imaging perfor-
mance is superior, a light spot in which, various aberrations
have been corrected favorably, is formed at the focal position.

Moreover, the excitation light used in the multi-photon
excitation is infrared light. Light has a feature of longer the
wavelength, lesser is the susceptibility of scattering of light
(Rayleigh scattering). Therefore, in a sample having a scat-
tering characteristic such as of a biological sample, the infra-
red light having a long wavelength is capable of reaching up
to even deeper position as excitation light. For observing a
deep portion of a sample by using this feature, the microscope
objective is sought to have a long working distance.

Furthermore, even among the infrared lights, light having a
longer wavelength has smaller Rayleigh scattering. Therefore
the excitation light is capable of reaching even deeper posi-
tion. For this reason, it is preferable that the microscope
objective to be used in the multi-photon excitation has a
longer wavelength and a superior imaging performance.

Moreover, in the observation of a deep position of a speci-
men, an aberration due to a refractive index of the sample
cannot be ignored. Therefore, it is preferable that the micro-
scope objective has a means of correcting fluctuation in such
aberration.

As a microscope objective which has a large numerical
aperture and in which, an aberration in an infrared region has
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2

been corrected favorably, an immersion microscope objective
disclosed in Japanese Patent Application [aid-open Publica-
tion No. 2010-008989 is available.

SUMMARY OF THE INVENTION

An immersion microscope objective of the present inven-
tion includes in order from an object side,

a first lens group having a positive refractive power,

a second lens group having a positive refractive power, and

a third lens group having a negative refractive power, and

the first lens group includes a cemented lens and at least
one positive single lens, and the cemented lens includes a
positive lens and a meniscus lens, and

the second lens group changes a divergent light beam to a
convergent light beam, and

the third lens group includes an object-side lens group and
an image-side lens group, and

in the object-side lens group, a surface nearest to an image
side is a concave surface which is directed toward the image
side, and in the image-side lens group, a surface nearest to the
object side is a concave surface which is directed toward the
object side, and

there is a plurality of lenses having a positive refractive
power, and

at least one lens having a positive refractive power out of
the plurality of lenses having a positive refractive power has
a cemented surface which is cemented to a lens having a
negative refractive power.

Moreover, a microscope of the present invention includes a
scanner section, a main-body section, and a microscope
objective, and the abovementioned immersion microscope
objective is used as the microscope objective.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view along an optical axis,
showing an optical arrangement of an immersion microscope
objective according to an example 1 of the present invention;

FIG. 2 is a cross-sectional view along an optical axis,
showing an optical arrangement of an immersion microscope
objective according to an example 2 of the present invention;

FIG. 3 is a cross-sectional view along an optical axis show-
ing an optical arrangement of an immersion microscope
objective according to an example 3 of the present invention;

FIG. 4A, FIG. 4B, FIG. 4C, and FIG. 4D are aberration
diagrams of the immersion microscope objective according
the example 1;

FIG. 5A, FIG. 5B, FIG. 5C, and FIG. 5D are aberration
diagrams of the immersion microscope objective according to
the example 2, and are diagrams in a state 1;

FIG. 6A, FIG. 6B, FIG. 6C, and FIG. 6D are aberration
diagrams of the immersion microscope objective according to
the example 2, and are diagrams in a state 2;

FIG. 7A, FIG. 7B, FIG. 7C, and FIG. 7D are aberration
diagrams of the immersion microscope objective according to
the example 2, and are diagrams in a state 3;

FIG. 8A, FIG. 8B, FIG. 8C, and FIG. 8D are aberration
diagrams of the immersion microscope objective according to
the example 3, and are diagrams in a state 1;

FIG. 9A, FIG. 9B, FIG. 9C, and FIG. 9D are aberration
diagrams of the immersion microscope objective according to
the example 3, and are diagrams in a state 2;

FIG. 10A, FIG. 10B, FIG. 10C, and FIG. 10D are aberra-
tion diagrams of the immersion microscope objective accord-
ing to the example 3, and are diagrams in a state 3;

FIG. 11 is a cross-sectional view of a tube lens;
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FIG. 12 is a diagram showing an amount of chromatic
aberration occurring in the immersion microscope objective
of the examples; and

FIG. 13 is a diagram of a microscope in which, the immer-
sion microscope objective of the present invention is used.

DETAILED DESCRIPTION OF THE INVENTION

An immersion microscope objective according to a first
embodiment includes in order from an object side, a first lens
group having a positive refractive power, a second lens group
having a positive refractive power, and a third lens group
having a negative refractive power, and the first lens group
includes a cemented lens and at least one positive single lens,
and the cemented lens includes a positive lens and a meniscus
lens, and the second lens group changes a divergent light
beam to a convergent light beam, and the third lens group
includes an object-side lens group and an image-side lens
group, and in the object-side lens group, a surface nearest to
an image side is a concave surface which is directed toward
the image side, and in the image-side lens group, a surface
nearest to the object side is a concave surface which is
directed toward the object side, and there is a plurality of
lenses having a positive refractive power, and at least one lens
having a positive refractive power out of the plurality of
lenses having a positive refractive power has a cemented
surface which is cemented to a lens having a negative refrac-
tive power.

Moreover, the plurality of lenses having a positive refrac-
tive power include a lens which satisfies the following con-
ditional expressions (1) and (2), and the following conditional
expression (3) is satisfied.

—0.00655(1, 1 29=7s) (= 1)-0.003 o)

0.588=1/1,,<0.667 )

0.1=d,/WDs=1 3)

where,
1,5 denotes a refractive index at a wavelength 1129 nm
of the lens having a positive refractive power,

n,,, denotes a refractive index for an s-line (wavelength
852.11 nm) of the lens having a positive refractive power,

WD denotes a working distance of the immersion micro-
scope objective, and

d, denotes a thickness of the lens positioned nearest to the
object side.

The immersion microscope objective (hereinafter, called
appropriately as ‘objective’) according to the embodiment
includes in order from the object side, the first lens group, the
second lens group, and the third lens group. The first lens
group has a positive refractive power as a whole and includes
the cemented lens and at least one positive single lens. The
cemented lens includes the positive lens and the meniscus
lens. The object side means a sample side.

If an object-side numerical aperture (hereinafter, called as
‘numerical aperture’) of the objective is made large, it is
possible to make light with a large angle of divergence (angle
of diffraction) incident on the objective from the sample. As a
result, it is possible to observe a microscopic structure of the
sample further minutely. However, light with a large angle of
divergence has a high light-ray height in the first lens group.
When such a light ray is bent rapidly in the first lens group, an
aberration of higher order is susceptible to occur in the first
lens group.

Therefore, in the objective according to the embodiment,
by forming the first lens group by the cemented lens and at
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4

least one positive single lens, the light ray with a large angle
of divergence is bent gradually by the cemented lens and the
positive single lens. By making such an arrangement, the
aberration of high order is suppressed from occurring sub-
stantially.

Moreover, the second lens group is let to have a positive
refractive power as a whole. As aforementioned, in the first
lens group, an arrangement is made to bend gradually the
light ray with a large angle of divergence. Therefore, a light
beam emerged from the first lens group is not a convergent
light beam. In the second lens group, the divergent light beam
is changed to a convergent light beam. One of the actions in
the second lens group is to change the divergent light beam to
the convergent light beam. Therefore, a lens which brings on
such action is included in the second lens group.

Moreover, the third lens group has a negative refractive
power as a whole, and includes the object-side lens group and
the image-side lens group. In the object-side lens group, the
surface nearest to the image side is a concave surface which
directed toward the image side, and in the image-side lens
group, the surface nearest to the object side is a concave
surface which is directed toward the object side.

By disposing the object-side lens group and the image-side
lens group such that the concave surfaces of the respective
lenses are face-to-face sandwiching one air space, it is pos-
sible to bring a lens arrangement of the third lens group closer
to a Gauss-type lens arrangement. Here, since the divergent
light beam is changed to the convergent light beam in the
second lens group, the height of the light ray is low at a
position of the object-side lens group and a position of the
image-side lens group. Therefore, by the concave surfaces of
the object-side lens group and the image-side lens group, it is
possible to make Petzval’s sum small. Moreover, the conver-
gent light beam from the second lens group is changed to a
substantially parallel light beam by the third lens group.

Moreover, in the objective according to the embodiment, it
is preferable that there is a plurality oflenses having a positive
refractive power that satisty the following conditional expres-
sions (1) and (2), and at least one lens having a positive
refractive power out of the plurality of lenses having a posi-
tive refractive power has the cemented surface which is
cemented to the lens having a negative refractive power, and
the following conditional expression (3) is satisfied.

—0.00655(1 1 29~ 7s)/ (= 1)5-0.003 o)
()]

3

0.588<1/n,,<0.667

0.1=d,/WD=1

where,
1,1, denotes a refractive index at a wavelength 1129 nm
of'the lens having a positive refractive power,

n,,, denotes a refractive index for an s-line (wavelength
852.11 nm) of the lens having a positive refractive power,

WD denotes a working distance of the immersion micro-
scope objective, and

d, denotes a thickness of the lens positioned nearest to the
object side.

By satisfying conditional expression (1), glass with mod-
erately small dispersion for the s-line ((n,,,~1)/(n, ~n,) where,
n . denotes a refractive index at a wavelength 768.19 nm and
n,denotes a refractive index at a wavelength 1014.00 nm), and
moderately large partial dispersion for the s-line at a wave-
length 1129 nm ((n,,,,,5-0,,,)/(n,~n,)) is to be used for the
lens having a positive refractive power. For such glass, the
dispersion for s-line is not only moderately small for the s-line
but also moderately small in a wavelength region of 800 nm to
1000 nm.
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Moreover, the partial dispersion for the s-line at the wave-
length 1129 nmis not only moderately large at the wavelength
1129 nm but also moderately large at the wavelength 1129 nm
or more. Also, the partial dispersion for the s-line at the
wavelength 1129 nm is not only moderately large for the
s-line but also moderately large in the wavelength region of
800 nm to 1000 nm. Therefore, it is possible to correct the
chromatic aberration favorably in a wide range of the infrared
region. In the following description, the dispersion or the
partial dispersion in the abovementioned wavelength (wave-
length region) will be called appropriately as dispersion or
partial dispersion.

When exceeding an upper limit of conditional expression
(1), either the dispersion in the lens having a positive refrac-
tive power becomes excessively small or the partial disper-
sion in the lens having a positive refractive power becomes
excessively large. In this case, correction of the chromatic
aberration becomes easy. However, the refractive index of the
lens having a positive refractive power is susceptible to
become small. Therefore, correction of an aberration of ahigh
order becomes difficult.

When falling below a lower limit of conditional expression
(1), either the dispersion in the lens having a positive refrac-
tive power becomes excessively large or the partial dispersion
in the lens having a positive refractive power becomes exces-
sively small. Therefore, it becomes difficult to correct favor-
ably the chromatic aberration in the wide range of the infrared
region.

By satistying conditional expression (2), it is possible to
make the refractive index of the lens having a positive refrac-
tive power large. Accordingly, it is possible to make the
numerical aperture large while suppressing an occurrence of
the aberration ot high order, and besides, it is possible to make
the working distance long.

When exceeding an upper limit of conditional expression
(2), the refractive index of the lens having a positive refractive
power becomes excessively small. Therefore, the occurrence
of the aberration of high order cannot be suppressed. More-
over, it becomes difficult to make the numerical aperture
large.

When falling below a lower limit of conditional expression
(2), the refractive index of the lens having a positive refractive
power becomes excessively large. In this case, it becomes
easy to suppress the occurrence of the aberration of high
order. However, it is not possible to make the dispersion in the
lens having a positive refractive power small. Therefore, it is
not possible to correct the chromatic aberration favorably.

Moreover, in the objective for which, the working distance
is long, the height of the light ray becomes high at a surface
nearest to the object side in the first lens group which is
positioned nearest to the object side. Therefore, in the lens
group positioned nearest to the object side, the aberration of
high order and a field curvature are susceptible to occur. By
satisfying conditional expression (3), it is possible to opti-
mize a thickness of the lens positioned nearest to the object
side with respect to the working distance. Accordingly, occur-
rence of various aberrations is suppressed to the minimum. d,
denotes the axial thickness.

The working distance of the objective is a distance from a
front end of the objective up to the sample (or a cover glass).
Here, in a case in which, a position to be observed is at an
interior of the sample, the working distance of the objective is
not a distance from the front end of the objective up to a
surface of the sample, but is a distance from the front end of
the objective up to the position to be observed at the interior
of the sample.
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When exceeding an upper limit of conditional expression
(3), the height of a light ray becomes excessively high at a
surface nearest to the image side in the first lens group which
is positioned nearest to the object side. Therefore, it is difficult
to achieve a long working distance.

When falling below a lower limit of conditional expression
(3), it becomes difficult to suppress an occurrence of a coma
in the lens group positioned nearest to the object side.

In an objective having a correction ring, the working dis-
tance changes according to a position of the correction ring.
In such objective, it is preferable that conditional expression
(3) is satisfied for all the working distances.

It is preferable that the following conditional expression
(1" is satisfied instead of conditional expression (1).

~0.00635 (11, 129~/ (1~ 1)5-0.0055 1)
Moreover, it is preferable that the following conditional
expression (2') is satisfied instead of conditional expression

@-

0.629=1/n,,,20.65 @)

Furthermore, it is preferable that the following conditional
expression (3') is satisfied instead of conditional expression

G-

0.3=d,/WD=0.7 3

As aforementioned, in the objective according to the
embodiment, itis possible to make the working distance long,
and in addition, it is possible to correct sufficiently various
aberrations, and particularly the chromatic aberration, in the
wide range of the infrared wavelength region.

Moreover, in the objective according to the embodiment, it
is preferable that the following conditional expression (4) is
satisfied.

0.8=<r, /r<1.6 4

where,

r, . denotes a radius of curvature of the cemented surface of
the cemented lens in the first lens group, and

r,, denotes a radius of curvature of the image-side surface
of the cemented lens in the first lens group.

In the objective with a large numerical aperture, the height
of'the light ray becomes high at a surface nearest to the image
side in the first lens group which is positioned nearest to the
object side. Therefore, in the first lens group which is posi-
tioned nearest to the object side, a spherical aberration ot high
order and a coma of high order are susceptible to occur. By
satisfying conditional expression (4), it is possible to opti-
mize the height of the light ray in the first lens group. Accord-
ingly, it is possible to correct simultaneously the spherical
aberration of high order and the coma of high order.

When exceeding an upper limit of conditional expression
(4), the height of the light ray becomes excessively low on the
image side of the first lens group which is positioned nearest
to the object side. Therefore, in the lens group which is on the
image side of the first lens group positioned nearest to the
object side, it becomes difficult to suppress an occurrence of
the spherical aberration of high order and the coma of high
order.

When falling below a lower limit of conditional expression
(4), the height of the light ray becomes excessively high at a
surface nearest to the image side in the first lens group which
is positioned nearest to the object side. Therefore, it becomes
difficult to make the numerical aperture large.

It is preferable that the following conditional expression
(4" is satisfied instead of conditional expression (4).

1lsr /r <15 @)
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Moreover, in the objective according to the embodiment, it
is preferable that the following conditional expression (5) is
satisfied.

—0.0135(1, 1 1og—10s)/(11,,~1)5-0.0097 )

where,

n,;;, denotes a refractive index at a wavelength 1129 nm
of the lens having a negative refractive power, and

n,, denotes a refractive index for an s-line (wavelength
852.11 nm) of the lens having a negative refractive power.

By satisfying conditional expression (5), glass with mod-
erately large dispersion and moderately small partial disper-
sion is to be used as the lens having a negative refractive
power. Therefore, it is possible to correct the chromatic aber-
ration favorably in a wide range of the infrared region.

When exceeding an upper limit of conditional expression
(5), either the dispersion in the lens having a negative refrac-
tive power becomes excessively small or the partial disper-
sion in the lens having a negative refractive power becomes
excessively large. Therefore, it becomes difficult to correct
the chromatic aberration favorably in the wide range of the
infrared region.

When falling below a lower limit of conditional expression
(5), either the dispersion in the lens having a negative refrac-
tive power becomes excessively large or the partial dispersion
in the lens having a negative refractive power becomes exces-
sively small. In this case, the correction of the chromatic
aberration becomes easy. However, the refractive index of the
lens having a negative refractive power is susceptible to
becomes large. Therefore, it becomes difficult to use glass
having a sufficient internal transmittance and a small strain as
the lens having a negative refractive power.

It is preferable that the following conditional expression
(5" is satisfied instead of conditional expression (5)

—0.0115(R,, | j29,,5)/ (11,5~ 1 )=—0.0098 (5)

Moreover, in the objective according to the embodiment, it
is preferable that the following conditional expression (6) is
satisfied.

0.29<(WD—d, )/r,,<0.48 (6

where,

WD denotes a working distance of the immersion micro-
scope objective,

d, denotes a thickness of the lens positioned nearest to the
object side, and

r, . denotes a radius of curvature of the cemented surface of
the cemented lens in the first lens group.

By satistying conditional expression (6), it is possible to
suppress an aberration at a cemented surface of the cemented
lens while securing the working distance of sufficient length.
As a result, it is possible to achieve both of making the
numerical aperture large and making the working distance
long.

When exceeding an upper limit of conditional expression
(6), the height of the light ray at the cemented surface of the
cemented lens becomes high. Therefore, an aberration is sus-
ceptible to occur at a surface nearest to the image side of the
cemented lens.

When falling below a lower limit of conditional expression
(6), an aberration is susceptible to occur at the cemented
surface of the cemented lens. Therefore, it becomes difficult
to achieve both of making the numerical aperture large and
making the working distance long.

In the objective having the correction ring, the working
distance change according to the position of the correction
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ring. In such objective, it is preferable that conditional expres-
sion (6) is satisfied for all the working distances.

It is preferable that the following conditional expression
(6" is satisfied instead of conditional expression (6).

0.3sI(WD-d,)/r,,1<0.45 (6"

Moreover, in the objective according to the embodiment, it
is preferable that the second lens group includes a movable
lens group which moves along an optical axis, and the fol-

lowing conditional expressions (7) and (8) are satisfied.

~1.1smg=-0.8

M

-0.3=/,,<0 (®)

where,

m,, denotes a magnification of the second lens group,

f denotes a focal length of the immersion microscope
objective, and

f,,, denotes a focal length of the movable lens group.

The second lens group includes the movable lens group.
When the magnification of the movable lens group is close to
one time or minus one time, a paraxial position of a focal
position does not change even when the lens group is moved.
Therefore, it becomes possible to carry out the aberration
correction easily by moving the lens group. Particularly, in an
objective with a long working distance and a large amount of
aberration correction, the change in the focal position due to
the movement of the lens group is susceptible to be large. By
satisfying conditional expression (7), the change in the focal
position due to the movement of the lens group becomes
small. Therefore, it is possible to realize an objective with a
superior operability and aberration correction performance.

When exceeding an upper limit of conditional expression
(7), or when falling below a lower limit of conditional expres-
sion (7), since the change in the focal position due to the
movement of the lens group becomes large, the operability is
degraded, and also it is not possible to carry out the correction
of the spherical aberration sufficiently.

Conditional expression (8) indicates that the refractive
power of the moving lens group is negative. In a lens group
having a positive refractive power, the height of a light ray is
high as compared to the height in a lens group having a
negative refractive power. Therefore, when the lens group
having a positive refractive power is moved, an occurrence of
aberration due to the movement becomes large. Particularly
in a case in which, the amount of correction of the spherical
aberration is large, a lens group having a negative refractive
power is suitable for the movable lens group. By satisfying
conditional expression (8), a fluctuation in various aberra-
tions other than the spherical aberration can be suppressed.

When exceeding an upper limit of conditional expression
(8), the negative refractive power of the object-side lens sur-
face of the movable lens group becomes excessively large. In
this case, the height of a light ray in the movable lens group is
raised up. Therefore, correction of the spherical aberration
due to the movement of the movable lens group becomes
difficult. Moreover, the spherical aberration of high order and
the coma of high order are susceptible to occur at the object-
side lens surface.

When falling below a lower limit of conditional expression
(8), the height of a light ray in the second lens group becomes
excessively low. In this case, a light beam emerged from the
second lens group is susceptible to be diverged. Therefore,
correction of the coma becomes difficult.

It is preferable that the following conditional expression
(7" is satisfied instead of conditional expression (7).

~1.05m,,=-0.85 )
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Moreover, it is preferable that the following conditional
expression (8') is satisfied instead of conditional expression

@®).

~0.28<f]f,,<-0.05 (®)

An immersion microscope objective according to a third
embodiment enables to observe up to a deep portion in an
infrared wavelength region, and the chromatic aberration is
corrected in the infrared wavelength region of wavelength
from 800 nm up to 1300 nm.

By making such an arrangement, it is possible to correct the
chromatic aberration favorably in a wide range of the infrared
region.

Moreover, a microscope according to an embodiment
includes a scanner section, a main-body section, and a micro-
scope objective, and one of the abovementioned immersion
microscope objectives is used as the microscope objective.

By making such an arrangement, it is possible to realize a
microscope which enables favorable observation of a sample
and, an image pickup thereof.

Examples of the immersion microscope objective accord-
ing to the present invention will be described below in detail
by referring the accompanying diagrams. However, the
present invention is not restricted to the examples described
below.

An example 1, an example 2, and an example 3 of the
immersion microscope objective according to the present
invention will be described below. Cross-sectional views
along an optical axis showing an optical arrangement of the
immersion microscope objective according to the example 1,
the example 2, and the example 3 are shown in FIG. 1, FIG. 2,
and FIG. 3. In these cross-sectional views, reference numer-
als L1 to L6 denote lenses. Moreover, FIG. 11 is a cross-
sectional view of a tube lens.

The immersion microscope objective lenses of the
examples from the first example to the third example are
infinity-corrected microscope objectives. In an infinity-cor-
rected microscope objective, since a bundle of rays which is
emerged from the microscope objective becomes parallel,
image is not formed in itself. Therefore, the parallel bundle of
rays is converged by a tube lens as shown in FIG. 11. More-
over, an image of a sample surface is formed at a position at
which the parallel bundle of rays is converged.

Each of the conditional expressions may be used indepen-
dently or may be used freely in combination with another
conditional expression, and will show an effect of the present
invention. Moreover, conditional expressions may be the
expressions in which an upper limit value and a lower limit
value of a conditional expression are changed independently,
and which show the effect of the present invention similarly.

Next, an objective according to the example 1 will be
described below. The objective according to the example 1, as
shown in FIG. 1, includes in order from an object side, a first
lens group (G1, a second lens group G2, and a third lens group
G3.

The first lens group G1 has a positive refractive power, and
includes in order from the object side, a planoconvex positive
lens L1, a positive meniscus lens [.2 having a convex surface
directed toward an image side, and a biconvex positive lens
L3. Here, the planoconvex positive lens [.1 and the positive
meniscus lens [.2 are cemented.

The second lens group G2 has a positive refractive power,
and includes in order from the object side, a biconvex positive
lens L4, a negative meniscus lens [.5 having a convex surface
directed toward the image side, a negative meniscus lens [.6
having a convex surface directed toward the object side, a
biconvex positive lens 1.7, a biconcave negative lens L8, a

10

15

20

25

30

35

40

45

50

55

60

65

10

biconvex positive lens 1.9, a biconvex positive lens [.10, and
a biconcave negative lens [.11. Here, the biconvex positive
lens 1.4 and the negative meniscus lens L5 are cemented.
Moreover, the negative meniscus lens 1.6, the biconvex posi-
tivelens .7, and the biconcave negative lens L8 are cemented.
Moreover, the biconvex positive lens [.10 and the biconcave
negative lens .11 are cemented. The second lens group G2
has a positive refractive power as a whole, and changes a
divergent light beam to a convergent light beam.

The third lens group G3 has a negative refractive power,
and includes in order from the object side, a positive meniscus
lens .12 having a convex surface directed toward the object
side, a negative meniscus lens [.13 having a convex surface
directed toward the object side, a negative meniscus lens .14
having a convex surface directed toward the image side, and
apositive meniscus lens [.15 having a convex surface directed
toward the image side. Here, the positive meniscus lens [.12
and the negative meniscus lens [.13 are cemented. The third
lens group (G3 has a negative refractive power as a whole, and
changes a convergent light beam to a substantially parallel
light beam.

Moreover, the third lens group G3 includes an object-side
lens group and an image-side lens group. The object-side lens
group includes a cemented lens (the positive meniscus lens
12 and the negative meniscus lens [.13). In the cemented
lens, a surface nearest to the image side (an image-side sur-
face of the negative meniscus lens [.13) is a concave surface
which is directed toward the image side. Moreover, the
image-side lens group includes the negative meniscus lens
[.14 and the positive meniscus lens [L.15. In the negative
meniscus lens .14, a surface nearest to the object side is a
concave surface which is directed toward a sample plane.

The lenses having a positive refractive power which satisfy
conditional expression (1) are, the biconvex positive lens [.3,
the biconvex positive lens [.4, the biconvex positive lens 17,
the biconvex positive lens 1.9, and the biconvex positive lens
L10.

The lenses having a positive refractive power which satisfy
conditional expression (2) are, the biconvex positive lens [.3,
the biconvex positive lens [.4, the biconvex positive lens 1.9,
the biconvex positive lens .10, and the positive meniscus lens
L12.

Moreover, the number of cemented surfaces of the lens
having a positive refractive power and the lens having a
negative refractive power which satisfy conditional expres-
sions (1) and (2) is two.

Thelenses having a negative refractive power which satisfy
conditional expression (5) are, the negative meniscus lens L5,
the negative meniscus lens L6, the biconcave negative lens
L8, the biconcave negative lens [.11, and the negative menis-
cus lens [.13.

None of the first lens group 1, the second lens group G2,
and the third lens group G3 moves (positions thereof are
fixed).

Next, an objective according to the example 2 will be
described below. The objective according to the example 2, as
shown in FIG. 2, includes in order from an object side, a first
lens group GG1, a second lens group G2, and a third lens group
G3.

The first lens group G1 has a positive refractive power, and
includes in order from the object side, a planoconvex positive
lens L1, a positive meniscus lens [.2 having a convex surface
directed toward an image side, and a biconvex positive lens
L3. Here, the planoconvex positive lens [.1 and the positive
meniscus lens [.2 are cemented.

The second lens group G2 has a positive refractive power,
and includes in order from the object side, a biconvex positive
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lens L4, a biconcave negative lens L5, a biconvex positive
lens L6, a negative meniscus lens [.7 having a convex surface
directed toward the object side, a biconvex positive lens L8, a
biconcave negative lens L9, a biconvex positive lens [.10, a
biconvex positive lens .11, and a biconcave negative lens
L12. Here, in a cemented lens on the object side, the biconvex
positive lens [.4, the biconcave negative lens L5, and the
biconvex positive lens 1.6 are cemented. Moreover, in a
cemented lens at the center, the negative meniscus lens L7, the
biconvex positive lens L8, and the biconcave negative lens 1.9
are cemented. In a cemented lens on the image side, the
biconvex positive lens [.11 and the biconcave negative lens
[12 are cemented. The second lens group G2 has a positive
refractive power as a whole, and changes a divergent light
beam to a convergent light beam.

The third lens group G3 has a negative refractive power,
and includes in order from the object side, a planoconvex
positive lens [.13, a planoconcave negative lens .14, a nega-
tive meniscus lens [.15 having a convex surface directed
toward the image side, and a planoconvex positive lens [.16.
Here, the planoconvex positive lens [.13 and the planocon-
cave negative lens [.14 are cemented. The third lens group G3
has a negative refractive power as a whole, and changes a
convergent light beam to a substantially parallel light beam.

Moreover, the third lens group G3 includes an object-side
lens group and an image-side lens group. The object-side lens
group includes a cemented lens (the planoconvex positive
lens 113 and the planoconcave negative lens [.14). In the
cemented lens, a surface nearest to the image side (an image-
side surface of the planoconcave negative lens 1.14) is a
concave surface which is directed toward the image side.
Moreover, the image-side lens group includes the negative
meniscus lens [.15 and the planoconvex positive lens [.16. In
the negative meniscus lens .15, a surface nearest to the object
side is a concave surface which is directed toward a sample
plane.

The lenses having a positive refractive power which satisfy
conditional expression (1) are, the biconvex positive lens [.3,
the biconvex positive lens [.4, the biconvex positive lens 1.6,
the biconvex positive lens L8, the biconvex positive lens .10,
and the biconvex positive lens [.11.

The lenses having a positive refractive power which satisfy
conditional expression (2) are, the biconvex positive lens [.3,
the biconvex positive lens [.4, the biconvex positive lens 1.6,
the biconvex positive lens [.10, the biconvex positive lens
L11, and the planoconvex positive lens [.13.

Moreover, the number of cemented surfaces of the lens
having a positive refractive power and the lens having a
negative refractive power which satisfy conditional expres-
sions (1) and (2) is three.

The lenses having a negative refractive power which satisfy
conditional expression (5) are, the biconcave negative lens
L5, the negative meniscus lens L7, the biconcave negative
lens L9, the biconcave negative lens [.12, and the negative
meniscus lens [15.

None of the first lens group G1 and the third lens group G3
moves (positions thereof are fixed). Whereas, in the second
lens group G2, the cemented lens on the image side moves
along an optical axis.

Next, an objective according to the example 3 will be
described below. The objective according to the example 3, as
shown in FIG. 3, includes in order from the object side, a first
lens group (G1, a second lens group G2, and a third lens group
G3.

The first lens group G1 has a positive refractive power, and
includes in order from the object side, a planoconvex positive
lens L1, a positive meniscus lens [.2 having a convex surface
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directed toward an image side, and a biconvex positive lens
L3. Here, the planoconvex positive lens [.1 and the positive
meniscus lens [.2 are cemented.

The second lens group G2 has a positive refractive power,
and includes in order from the object side, a biconvex positive
lens [ 4, a negative meniscus lens L5 having a convex surface
directed toward an image side, a negative meniscus lens [.6
having a convex surface directed toward the object side, a
biconvex positive lens 1.7, a biconcave negative lens L8, a
biconvex positive lens 1.9, a biconvex positive lens [.10, and
abiconcave negative lens [L11. Here, in a cemented lens on the
object side, the biconvex positive lens [.4 and the negative
meniscus lens L5 are cemented. Moreover, in a cemented lens
at the center, the negative meniscus lens 1.6, the biconvex
positive lens 17, and the biconcave negative lens 1.8 are
cemented. In a cemented lens on the image side, the biconvex
positive lens [.10 and the biconcave negative lens .11 are
cemented. The second lens group G2 has a positive refractive
power as a whole, and changes a divergent light beam to a
convergent light beam.

The third lens group G3 has a negative refractive power,
and includes in order from the object side, a positive meniscus
lens .12 having a convex surface directed toward the object
side, a negative meniscus lens [.13 having a convex surface
directed toward the object side, a negative meniscus lens .14
having a convex surface directed toward an image side, and a
positive meniscus lens [.15 having a convex surface directed
toward the image side. Here, the positive meniscus lens [.12
and the negative meniscus lens [.13 are cemented. The third
lens group (G3 has a negative refractive power as a whole, and
changes a convergent light beam to a substantially parallel
light beam.

Moreover, the third lens group G3 includes an object-side
lens group and an image-side lens group. The object-side lens
group includes a cemented lens (the positive meniscus lens
12 and the negative meniscus lens [.13). In the cemented
lens, a surface nearest to the image side (an image-side sur-
face of the biconcave negative lens [.11) is a concave surface
which is directed toward the image side. Moreover, the
image-side lens group includes the negative meniscus lens
[.14 and the positive meniscus lens [L.15. In the negative
meniscus lens .14, a surface nearest to the object side is a
concave surface which is directed toward a sample plane.

The lenses having a positive refractive power which satisfy
conditional expression (1) are, the biconvex positive lens [.3,
the biconvex positive lens [.4, the biconvex positive lens 17,
the biconvex positive lens 1.9, the biconvex positive lens [.10,
and the positive meniscus lens L12.

Thelenses having a positive refractive power, which satisfy
conditional expression (2) are, the biconvex positive lens [.3,
the biconvex positive lens [.4, the biconvex positive lens 1.9,
the biconvex positive lens .10, and the positive meniscus lens
L12.

Moreover, the number of cemented surfaces of the lens
having a positive refractive power and the lens having a
negative refractive power which satisfy conditional expres-
sions (1) and (2) is three.

Thelenses having a negative refractive power which satisfy
conditional expression (5) are, the negative meniscus lens L5,
the negative meniscus lens L6, the biconcave negative lens
L8, the biconcave negative lens [.11, and the negative menis-
cus lens [.13.

None of the first lens group G1 and the third lens group G3
moves (position thereof are fixed). Whereas, in the second
lens group G2, the cemented lens at the center moves along an
optical axis.
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Next, numerical data of optical members forming the
objective of the abovementioned examples is given below. In
the numerical data for each example, r denotes a radius of
curvature of each lens surface (however, rl and r2 are virtual

14

cover glass

immersion liquid

surfaces), d denotes a thickness of each lens or an air space 5 State 1 absence liquid A
(however, dl denotes a thickness of a cover glass, and d2 State 2 absence liquid B
denotes a thickness of an immersion liquid layer), n900 State 3 presence liquid C
denotes the refractive index of each lens at the wavelength
900 nm, ns denotes the refractive index of each lens for an
s-line, n1129 denotes the refractive index of each lens at the 10
wavelength 1129 nm, nd denotes the refractive index of each Example 1
lens for a d-line, vd denotes Abbe’s number for each lens, NA
denotes the numerical aperture, f denotes a focal length of the
overall objective, and [} denotes magnification. The magnifi-
cation [ is a magnification when combined with a tube lens 15 NA =0.95, £=7.2064 1am, b = —2:996
that will be described later (focal length 180 mm). IR e
. . . . Surface data
In the numerical data, a case in which, a value of d1 is zero,
indicates a state i.n Which no cover gla;s exists between a No. . d 1900 s W129  nd vd
sample and the objective. In this state, an image of the sample
is formed via an immersion liquid. Moreover, in this case, 20 1 o 0
both the virtual surfaces rl and r2 indicate a boundary 2 @ 8.05 137174 137256 1.36825 1.37919 524
between the immersion liquid and the sample plane. 3 @ 33000 145182 1.45253 1.44894 14585 67.83
Whereas, in a case in which, the value of d1 is not zero, 4 -15503 3.5043 1.86397 1.86572 1.85776 1.883  40.76
indicates a state in which the cover glass exists between the 5 -109366 0.2
Sample and the Objecti\/e. In this state, an image of'the Sample 25 6 70.9239 4.723  1.58713 1.58791 1.58426 1.59522 67.74
is formed via the cover glass and the immersion liquid. More- 7 289945 0.2
over, in this case, the virtual surface rl indicates a boundary 8 33.6542 82116 1.52216 1.52278 1.51982 1.52855 76.98
between the sample plane and the cover glass, and the virtual 9  -188907 2 1.62408 1.6254 1.6191 1.63775 4241
surface r2 indicates a boundary between the cover glass and 107 -72.4466 0.4898
the immersion liquid. If the cover glass is regarded as a 30 ! 270592 2.2 1.62408 '1.6254  1.6191 1.63775 42.41
- 12 125744 8 143436 1.4348 1.43269 1.43875 94.93
sample, the virtual surface r2 becomes the boundary between
: L . 13 -19.6835 1.7000 1.71843 172021 1.71215 1.7380 32.26
the immersion liquid aI}d the sample plane, and .the Vlrtue}l 1 258438 0.1993
smface il b.ec.omes an interior of the sgmp}e. This makes it 15 26,0963 3.1916 158713 1.58791 1.58426 15952 67.74
evident that it is possible to observe the interior of the sample. 16 —1142664 025
In the objective of the example 2, a favorable image of the 35 17 1g0405 41520 1.58713 158791 1.58426 1.59522 67.74
sample is achieved irrespective of the presence or absence of 18 _1548247 15 165754 1.65807 1.65237 1.673  38.15
the cover glass, and a change in the type of the immersion 19 203617 0.25
liquid. Therefore, in the objective of the example 2, the sec- 20 78324 48473 159433 159519 1.59103 1.603  65.44
ond lens group includes a moving lens group. Similarly, in the 21 12.1045 1.2 171843 172021 171215 1.738  32.06
objective of the example 3, the second lens group includes a 40 22 47298 7.6818
moving lens group. 23 ~6.4614 14993 1.78837 1.78986 1.78284 1.804  46.57
Surface data in a numerical example 2 and a numerical 24 -15.0028 7481
example 3 is surface data when in the state 1. A difference 25  -28.8551 3.4221 1.71843 1.72021 1.71215 1.738  32.26
between the state 1, the state 2, and the state 3 is as follows. 26 -12.9992
Moreover, numerical values for each of the state 1, the state 2, 45
and the state 3 are shown in a column of various data. Also, a
unit of radius of curvature r and surface separation d are
millimeter (mm). Example 2
NA =0.9,f=7.223 mm, p = -25.001
Surface data
No. T d n900 ns nl129 nd vd
1 ] 0
2 ® 8.0 137174 137256 1.36825 137919 524
3 ® 3 145182 145253 144894 145852  67.83
4 15503 28 1.86397 1.86572 1.85776  1.883 40.76
5 -10.6423 0.2
6 1591998  3.8057  1.58713 1.58791 158426  1.59522  67.74
7 249831 0.2
8 307784 51456 158713 1.58791 1.58426 159522  67.74
9 302878 197 1.65754 1.65897 1.65237  1.673 38.15
10 415763  3.3218 158713 1.58791 1.58426 159522  67.74
11 585863 (Variable)
12 352975 1.95 1.65754 1.65897 1.65237  1.673 38.15
13 144557 7.2883 143436 14348 143269 143875  94.93
14 144557 175 1.65754 1.65897 1.65237  1.673 38.15
15 327726  (Variable)
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-continued

NA =0.9,f=7.223 mm, f =-25.001
Surface data

No. T d 1n900 ns nl129 nd vd
16 30.1295 2.7279 1.56178 1.56248  1.5592 1.56907 71.3
17 —-134.1343 0.25
18 12.7389 6.5092 1.58713 1.58791 1.58426 1.59522 67.74
19 -20.7032 1.75 1.60085 1.60206 1.59633 1.6134 44.27
20 20.2108 0.25
21 9.0084 3.5502 1.59433 1.59519 1.59103 1.603 65.44
22 ] 1.5 1.78837 1.78986  1.78284 1.804 46.57
23 5.0183 3.9824
24 -6.0016 2.2 1.65754 1.65897 1.65237 1.673 38.15
25 -17.5334 10.1237
26 ] 2.9808 1.71843 1.72021 1.71215 1.738 32.26
27 —-23.0792
Various Data -continued
20
State 2
State 1
d 1n900 ns nl129 nd vd
d 1n900 ns nl129 nd vd di1 0.40991
55 dlIS 4.11833
d1 0
d2 8.05 1.37174 1.37256 1.36825 137919 524
di1 2.4361
dis 2.0921 State 3
30
d 1n900 ns nl129 nd vd
d1 0.23 1.51497 1.51587 1.51215 1.52396 54.41
g 5 d2 7.98534 1.39737 1.39799 1.39523 1.4042 52.02
tate di1 3.77834
dis 0.74990
d n900 ns n1129 nd vd 35
d1 0
d2 7.78359  1.32666  1.3274  1.32342 1.33304 55.79
Example 3
NA =0.95, f="7.223 mm, § =-25.001
Surface data
No. T d 1n900 ns nl129 nd vd
1 ] 0
2 ] 8.05 1.37174 1.37256 1.36825 1.37919 52.40
3 ] 3.3000 1.45182 1.45253 1.44894 1.4585 67.83
4 -15.503 3.2744 1.86397 1.86572 1.85776 1.883 40.76
5 -10.8669 0.2
6 122.215 3.8912 1.58713 1.58791 1.58426  1.59522 67.74
7 -32.1014 0.2
8 27.265 6.1621 1.58713 1.58791 1.58426  1.59522 67.74
9 -29.4419 2 1.62408 1.6254  1.6191 1.63775 42.41
10 -101.0096 (Variable)
11 25.7867 2.2 1.62408 1.6254  1.6191 1.63775 42.41
12 14.1247 8 1.43436 1.4348 1.43269 1.43875 94.93
13 -18.2013 1.7000 1.71843 1.72021 1.71215 1.7380 32.26
14 19.097  (Variable)
15 47.5661  2.4694 1.58713 1.58791 1.58426 1.5952 67.74
16 -60.7093  0.25
17 17.1062  5.855 1.58713 1.58791 1.58426  1.59522 67.74
18 -17.7957 1.5 1.65754 1.65897 1.65237 1.673 38.15
19 33.676 0.25
20 7.979 5.7162 1.58713 1.58791 1.58426  1.59522 67.74
21 70.8221 1.2 1.71843 1.72021 1.71215 1.738 32.26
22 4.7288  6.3016
23 -6.2016  1.4288 1.78837 1.78986 1.78284 1.804 46.57
24 -15.8568  6.7766
25 -49.1597  3.702 1.71843 1.72021 1.71215 1.738 32.26

26 -14.2057
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Various Data
State 1
d 1n900 ns nll129 nd vd
d1 0
d2 8.05 1.37174 1.37256 1.36825 1.37919 524
d10 2.10907
di4 2.78783
State 2
d 1n900 ns nll129 nd vd
d1 0
d2 7.7636 1.32666 1.3274  1.32342 1.33304 544
d10 0.48984
di4 4.40706
State 3
d 1n900 ns nll129 nd vd
d1 0.23 1.51497 1.51587 1.51215 1.52396 54.41
d2 7.99800 1.39737 1.39799 1.39523 1.4042 52.02
d10 3.15900
di4 1.73789
Tube Lens
Surface data
No. T d 1n900 ns nl129 nd vd
1 95.2596  5.3317 1.56907 1.56395 1.5592 1.56907 71.3
2 -116.2766  2.8267 1.50847 1.50296 1.49723 1.50847 61.19
3 80.4059 16.3504
4 92.0498 8.7567 1.48749 1.48282 1.47778 1.48749 70.23
5 —73.2447 4.8745 1.62408 1.62540 1.61910 1.63775 42.41
6 -292.408

Unit focal length 180 mm

FIG. 4A, F1G. 4B, F1G. 4C, FIG. 4D (hereinafter, ‘FIG. 4A
to FIG. 4D) to FIG. 10A, FIG. 10B, FIG. 10C, and FIG. 10D
(hereinafter, FIG. 10A to FIG. 10D) are aberration diagrams
of the objectives according to the example 1, the example 2,
and the example 3, and are aberration diagrams in the follow-
ing states.

Example State
FIG. 4A to FIG. 4D Example 1 State 1
FIG. 5A to FIG. 5D Example 2 State 1
FIG. 6A to FIG. 6D Example 2 State 2
FIG. 7A to FIG. 7D Example 2 State 3
FIG. 8A to FIG. 8D Example 3 State 1
FIG. 9A to FIG. 9D Example 3 State 2
FIG. 10A to FIG. 10D Example 3 State 3

Moreover, in these aberration diagrams, ‘IM.H’ (unit: mm)
denotes an image height. FIG. 4A, FIG. 5A, FIG. 6A, FIG.
7A, FIG. 8A, FIG. 9A, and FIG. 10A show a spherical aber-
ration (SA), FIG. 4B, FIG. 5B, FIG. 6B, FIG. 7B, FIG. 8B,
FIG. 9B, and FIG. 10B show an offense against the sine
condition (OSC), FIG. 4C, FIG. 5C, FIG. 6C, FIG. 7C, FIG.
8C, FIG. 9C, and FIG. 10C show an astigmatism (AS), and
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FIG. 4D, FIG. 5D, FIG. 6D, FIG. 7D, FIG. 8D, FIG. 9D, and
FIG. 10D show a coma (DZY)

Moreover, an amount of the chromatic aberration occur-
ring in the objective in the present example is shown in FIG.
12. In FIG. 12, a vertical axis of a graph is a distance (unit:
um), the focal position is ‘0’, and a horizontal axis is a wave-
length (unit: nm). Moreover, dotted lines show upper limit
values and lower limit values of a focal depth, and a solid line,
a broken line and a chain line show an amount of chromatic
aberration occurred in the three objectives. Each of these
three objectives is the objectives of the present examples.

As shown in FIG. 12, in a range from approximately 800
nm and more, both the solid line and the broken line are
positioned at an inner side of the upper limit values and the
lower limit values shown by the dotted lines. This indicates
that, in the objective of the present example, the chromatic
aberration has been corrected favorably in a wide range of the
infrared region. In FIG. 12, the graph is only for the wave-
length up to 1635 nm, and the amount of the chromatic
aberration occurred is within the focal depth at least for the
wavelength of up to 1650 nm.

Next, the values of conditional expressions (1) to (6) in
each example are shown below.

Conditional
expressions Example 1 Example 2 Example 3
(1) (1120 -1, L3 -0.006 L3 -0.006 L3 -0.006
(1, = L4 -0.006 14 -0.006 L4 -0.006
L7 -0.005 L6 -0.006 L7 -0.005
L9 -0.006 18 -0.005 L9 -0.006
L10 -0.006 110 -0.006 L10 -0.006
L11 -0.006 L12 -0.006
(2) Un,, L3 0.630 L3 0.630 L3 0.630
L4 0.657 14 0.630 L4 0.630
L9 0.630 L6 0.630 L9 0.630
L10 0.630 L10 0.640 L10 0.630
L12 0.627 L11 0.630 L12 0.630
L13 0.627
(3) dyWD 0.410 0.373 0.407
Condition 1
Condition 2 0.385 0.425
Condition 3 0.365 0.398
@) rJr; 1.418 1.457 1.427
(5) (n,1120-1n,) L3 -0.010 L3 -0.010 L5 -0.010
(n,, - 1) L6 -0.010 L7 -0.010 L6 -0.010
L8 -0.011 L9 -0.010 L8 -0.011
L1l -0.010 L12 -0.010 L11 -0.010
L13 -0.011 L15 -0.010 L13 -0.010
©) (WD -dphr,
Condition 1 0.306 0.326 0.308
Condition 2 0.309 0.288
Condition 3 0.337 0.320
() my, — -1.014 0.860
®) f,, — -0.222 -0.269

FIG. 13 is a diagram showing the microscope according to
the present embodiment. In FIG. 13, an example of an exter-
nal structure of a laser scanning confocal microscope is
shown as an example of the microscope. As shown in F1IG. 13,
a microscope 10 includes a main body 1, an objective 2, a
revolver 3, an objective raising and lowering mechanism 4, a
stage 5, an epi-illumination unit 6, an observation lens barrel
7, and a confocal scanner 8 (hereinafter, called appropriately
as ‘scanner 8”). Moreover, an image processing apparatus 20
is connected to the microscope 10, and an image display
apparatus 21 is connected to the image processing apparatus
20. In the microscope according to the present embodiment,
the immersion microscope objective according to the present
embodiment is used for the objective 2.
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The stage 5 is provided to the main body 1. A sample 9 is to
be placed onthe stage 5. Moreover, the episcopic illumination
unit 6 is provided at an upper side of the main body 1.
Illumination light is irradiated to the sample 9 by the epis-
copic illumination unit 6. Light from the sample 9 travels
through the objective 2, and reaches the observation lens
barrel 7. A user is able to observe the sample 9 through the
observation lens barrel 7.

Moreover, a laser source (not shown in the diagram) and
the scanner 8 are provided at a rear side (right side of a paper
surface) of the main body 1. The laser source and the scanner
8 are connected by a fiber (not shown in the diagram). The
scanner 8 includes a galvanometer scanner, a pin hole, and a
photo detection element, which are disposed at an interior of
the scanner 8, and a scanner part is constructed these compo-
nents. The laser source is a laser which generates an infrared
light that can operate two-photon excitation. Light from the
laser source, after travelling through the scanner 8 is incident
onthe objective 2. The objective 2 is positioned at a lower side
of the stage 5. Therefore, the sample 9 is illuminated from a
lower side as well.

Light (reflected light or fluorescent light) from the sample
9, upon travelling through the objective 2, passes through the
scanner 8, and is detected by the photo detection element. In
the two-photon excitation, since fluorescent light generates
only focal point, a confocal observation is possible. In the
confocal observation, it is possible to obtain a cross-sectional
image of the sample 9. Therefore, it is not necessary to use a
pin hole in the two-photon excitation.

The objective raising and lowering mechanism 4 is con-
nected to the revolver 3. The objective raising and lowering
mechanism 4 is capable of moving the objective 2 (the
revolver 3) along an optical axial direction. In a case in which,
a plurality of cross-sectional images along the optical axial
direction of the sample 9 are to be obtained, the objective 2 is
to be moved by the objective raising and lowering mechanism
4.

A signal detected by the photo detection element is trans-
mitted to the image processing apparatus 20. An image pro-
cessing is carried out in the image processing apparatus 20,
and an image of the sample 9 is displayed on the image
display apparatus 21.

In the example described above, the immersion micro-
scope objective according to the present embodiment has
been used for the two-photon excitation observation. How-
ever, it is also possible to use the immersion microscope
objective according to the present embodiment for a total
internal reflection fluorescence observation. In such case, a
diameter of a bundle of rays from the laser source is to be kept
smaller than an effective aperture of the immersion micro-
scope objective. Moreover, an arrangement is to be made such
that, the bundle of rays from the laser source is made to be
incident on the immersion microscope objective such that it
does not include an optical axis of the immersion microscope
objective. Moreover, fluorescence from the sample is to be
detected by the photo detection element without allowing
passing through the pin hole.

Moreover, in the present embodiment, the immersion
microscope objective is used also for an observation of visible
light. If in a case in which, the aberration performance in a
visible region is not sufficient, an objective for observing
visible light and an objective for observing two-photon exci-
tation may be installed on a revolver 3, and may be switched
according to the method of observation.

The present invention can have various modified examples
without departing from the scope of the invention.
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According to the present invention, it is possible to provide
an immersion microscope objective for which, the working
distance is long, and in which, various aberrations, particu-
larly, the chromatic aberration, in a wide range of'the infrared
wavelength region, is corrected sufficiently, and a microscope
in which the immersion microscope objective is used.

What is claimed is:
1. An immersion microscope objective comprising, in
order from an object side:

a first lens group having a positive refractive power;

a second lens group having a positive refractive power; and

a third lens group having a negative refractive power,

wherein:

the first lens group includes a cemented lens and at least
one positive single lens, and the cemented lens includes
a positive lens and a meniscus lens,

the second lens group changes a divergent light beam to a
convergent light beam,

the third lens group includes an object-side lens group and
an image-side lens group,

in the object-side lens group, a surface nearest to an image
side is a concave surface which is directed toward the
image side, and in the image-side lens group, a surface
nearest to the object side is a concave surface which is
directed toward the object side,

a plurality of lenses having a positive refractive power are
provided,

at least one lens having a positive refractive power from
among the plurality oflenses having a positive refractive
power has a cemented surface which is cemented to a
lens having a negative refractive power, and

the plurality of lenses having a positive refractive power
include a lens which satisfies the following conditional
expressions (1) and (2), and the following conditional
expression (3) is satisfied:

—0.00655(1 1 29~ 7s)/ (= 1)5-0.003 o)

0.588=1/1,,<0.667 )

0.1=d,/WD=1 3)

where,
1,1, denotes a refractive index at a wavelength 1129 nm
of the lens having a positive refractive power,

n,,, denotes a refractive index for an s-line (wavelength
852.11 nm) of the lens having a positive refractive
power,

WD denotes a working distance of the immersion micro-
scope objective, and

d, denotes a thickness of the lens positioned nearest to the
object side.

2. An immersion microscope objective comprising, in

order from an object side:

a first lens group having a positive refractive power;

a second lens group having a positive refractive power; and

a third lens group having a negative refractive power,

wherein:

the first lens group includes a cemented lens and at least
one positive single lens, and the cemented lens includes
a positive lens and a meniscus lens,

the second lens group changes a divergent light beam to a
convergent light beam,

the third lens group includes an object-side lens group and
an image-side lens group,

in the object-side lens group, a surface nearest to an image
side is a concave surface which is directed toward the
image side, and in the image-side lens group, a surface
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nearest to the object side is a concave surface which is
directed toward the object side,

a plurality of lenses having a positive refractive power are
provided,

at least one lens having a positive refractive power from
among the plurality oflenses having a positive refractive
power has a cemented surface which is cemented to a
lens having a negative refractive power, and

the following conditional expression (4) is satisfied:

0.8=r, /¥ <1.6 4

where,

r, . denotes a radius of curvature of the cemented surface of
the cemented lens in the first lens group, and

r,, denotes a radius of curvature of the image-side surface
of the cemented lens in the first lens group.

3. An immersion microscope objective comprising, in

order from an object side:

a first lens group having a positive refractive power;

a second lens group having a positive refractive power; and

a third lens group having a negative refractive power,

wherein:

the first lens group includes a cemented lens and at least
one positive single lens, and the cemented lens includes
a positive lens and a meniscus lens,

the second lens group changes a divergent light beam to a
convergent light beam,

the third lens group includes an object-side lens group and
an image-side lens group,

in the object-side lens group, a surface nearest to an image
side is a concave surface which is directed toward the
image side, and in the image-side lens group, a surface
nearest to the object side is a concave surface which is
directed toward the object side,

a plurality of lenses having a positive refractive power are
provided,

at least one lens having a positive refractive power from
among the plurality oflenses having a positive refractive
power has a cemented surface which is cemented to a
lens having a negative refractive power, and

the following conditional expression (5) is satisfied:

—0.0135(1, 1 1og—10s)/(11,,~1)5-0.0097 )

where,

n,, .o denotes a refractive index at a wavelength 1129 nm
of'the lens having a negative refractive power, and

n,, denotes a refractive index for an s-line (wavelength
852.11 nm) of the lens having a negative refractive
power.

4. An immersion microscope objective comprising, in

order from an object side:

a first lens group having a positive refractive power;

a second lens group having a positive refractive power; and

a third lens group having a negative refractive power,

wherein:

the first lens group includes a cemented lens and at least
one positive single lens, and the cemented lens includes
a positive lens and a meniscus lens,

the second lens group changes a divergent light beam to a
convergent light beam,

the third lens group includes an object-side lens group and
an image-side lens group,
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in the object-side lens group, a surface nearest to an image
side is a concave surface which is directed toward the
image side, and in the image-side lens group, a surface
nearest to the object side is a concave surface which is
directed toward the object side,

a plurality of lenses having a positive refractive power are
provided,

at least one lens having a positive refractive power from
among the plurality oflenses having a positive refractive
power has a cemented surface which is cemented to a
lens having a negative refractive power, and

the following conditional expression (6) is satisfied:

0.29<(WD-d )/, 1<0.48 (6

where,

WD denotes a working distance of the immersion micro-
scope objective,

d, denotes a thickness of the lens positioned nearest to the
object side, and

r,. denotes a radius of curvature of the cemented surface of
the cemented lens in the first lens group.

5. An immersion microscope objective comprising, in

order from an object side:

a first lens group having a positive refractive power;

a second lens group having a positive refractive power; and

a third lens group having a negative refractive power,

wherein:

the first lens group includes a cemented lens and at least
one positive single lens, and the cemented lens includes
a positive lens and a meniscus lens,

the second lens group changes a divergent light beam to a
convergent light beam,

the third lens group includes an object-side lens group and
an image-side lens group,

in the object-side lens group, a surface nearest to an image
side is a concave surface which is directed toward the
image side, and in the image-side lens group, a surface
nearest to the object side is a concave surface which is
directed toward the object side,

a plurality of lenses having a positive refractive power are
provided,

at least one lens having a positive refractive power from
among the plurality oflenses having a positive refractive
power has a cemented surface which is cemented to a
lens having a negative refractive power,

the second lens group includes a movable lens group which
moves along an optical axis, and

the following conditional expressions (7) and (8) are sat-
isfied:

~1.1smg=-0.8

M

~0.3f/f3n,=<0 ®

where,

m,, denotes a magnification of the second lens group,

f denotes a focal length of the immersion microscope
objective, and

f,,, denotes a focal length of the movable lens group.

6. A microscope comprising:

a scanner section;

a main-body section; and

the immersion microscope objective according to claim 1.

#* #* #* #* #*



